Introduction
Nearly 300,000 lumbar fusions are performed annually in the United States (Katz 2006 ).
Degeneration of the intervertebral disc and lumbar spine from aging or excess motion can cause segmental instability, disc herniation, acquired spondylolisthesis or symptomatic degenerative disc disease (DDD), which can be indications for lumbar fusion surgery (Slosar, 2002) .
Both open and minimal invasive lumbar fusion surgery (MIS) have been used to treat patients with degenerative spinal pathologies successfully when medical management fails (Glassman et (Rouben 2009 ). Some of the earliest work with MIS has been with the transforaminal lumbar interbody fusion (TLIF) procedure. MIS TLIF is a surgical technique that can be performed with multiple small incisions, requiring little if any neural retraction and provides for excellent intradiscal space preparation. MIS TLIF is intended to reduce para-spinous soft tissue injury that can occur with muscle stripping, tearing, cutting and retraction that occurs with open lumbar fusion procedures (Foley et al. 2002) .
MIS TLIF studies has demonstrated low surgical complication rates, decreased blood loss, short hospital stays, and early restoration of function (Schwender et al. 2005 , Starkweatehr et al. 2008 . It is unclear if the outcomes seen short-term are maintained several years postoperative. With limited health care resources available, it is increasingly important to treat patients with durable long lasting interventions. Thus, the purpose of this study was to document the long term clinical durability and safety of patients treated with MIS TLIF.
Secondary purposes were to evaluate the clinical outcomes of patients receiving MIS TLIF fusions to two sequential lumbar disc segments (2-level) as compared to a single level lumbar disc segment (1-level), and as an aside, to determine whether or not there were any differences in clinical outcomes in patients treated over the age of 60 years as compared to those under 60 years.
Methods
Following IRB review, consecutive records of patients receiving MIS TLIF between [2002] [2003] [2004] [2005] [2006] were analyzed. Patients were tracked (diagnosis, patient reported outcomes, radiographs, surgical data) as part of a standard of care in a typical community practice. Data collection occurred at the preoperative visit as well as the post-operative 3, 12, and 24 month intervals. In addition, patients were seen at yearly visits after that.
Inclusion criteria for patients to undergo a MIS TLIF procedure in this review, included with isolated single or two level lumbar intervertebral segment pain manifested by back pain alone or back pain with leg pain associated with a primary diagnosis of 1) degenerative spondylolisthesis, 2) massive disc herniation (lateral, foraminal, etc.), 3) lumbar stenosis (lateral, central, etc.), 4) recurrent disc herniation after failed laminotomy/laminectomy, 5) axial intervertebral disc collapse, or 6) isolated degenerative disc/joint disease.
To be included in the study patients had to have matching preoperative and minimum 3yr postoperative ODI and VAS pain scores, and matching preoperative and minimum 3yr postoperative imaging studies. Several of these patients also had data 4yr and 5 yr postoperative.
Study exclusion criteria included: scoliosis > 10 0 , treatment for traumatic fracture, obesity (> 400 lbs), spondylolisthesis > Grade II, preoperative symptomatic lumbar segment disease in excess of two levels, or psychological factors preventing follow-up, or failed lumbar fusion.
Several of these patients were reported in an earlier series on the short term surgical results of MIS (Schwender et al. 2005 , Rouben 2007 ).
All patients had failed a minimum 3 months of conservative medical management prior to surgery, which included supervised physical therapy (PT), epidural injections, exercise, and/or oral medicinals. Diagnosis was made following physical exam, acquisition of plain lumbar x-ray films, and magnetic resonance imaging (MRI). In addition, selective facet injections, discography/computer tomography (CT), and/or myelography/CT were often adjunctively used to clarify and confirm the legitimacy of the diagnosis and surgical qualifications. Since this was a retrospective analysis of prospectively collected data, no power analysis was completed, but all consecutive eligible patients meeting inclusion criteria were included.
Preoperative demographic data captured included age, gender, smoking status, body mass index lateral road-screw construct was released, compressed, and locked at the cephalad end. Ipsilateral screws were inserted, a connecting rod was inserted, compressed and locked as previously described. For any bi-lateral cases, once the facetectomy was completed on one side, the Sextant™ construct was placed through initial side, but not locked. The other side was then addressed. Once the disc work was completed on the initial side, the contra-lateral Sextant™ construct was locked and then inserted on the ipsi-lateral side.
Perioperative surgical information collected included, surgery time (skin to skin), estimated blood loss, levels fused, complications, graft material, c-arm radiation exposure time, and hospital stay duration. All patients committed and agreed, pre-operatively, to participation in the same mandated, regimented, and supervised rehabilitative therapy protocol initiated seven days after surgery.
Dichotomous variables were assessed by the Chi Square method. Changes from baseline and postoperative were tested with a one way (time) ANOVA with repeated measures. When comparing 1 versus 2 level fusion outcomes or older versus younger patient outcomes, a two way (group x time) AOVA with repeated measures was used. If significant main effects were found, student t-tests were used to determine location of pair wise difference. An alpha level p<0.05 was considered significant. SPSS (Version 11.0, Chicago, IL) was used for statistical analysis.
Results
Patient indications and demographics are presented in Tables 1-2 . There were a total of 169 patients meeting the study inclusion criteria. The primary indication for treatment was isolated single level or two level lumbar intervertebral segment pain manifested by back pain alone (n=29, 17%), leg pain alone (n=58, 34%) or back pain with equal leg pain (n=82, 49%). The most common primary diagnosis was recurrent disc herniation following either failed laminectomy/discectomy (n=53), with massive disc herniation (n=41) representing the second most common diagnosis. Most patients had additional secondary diagnoses. Forty-five patients required two-level fusions, whereas 124 patients required one-level fusions. All surgeries were completed by the authors (D.R. and M.C.). There were more female patients (n=96) than male patients (n=73), and the average age was 44.5 years (range, 17-73). There were 12 patients 60 years or greater. There were a total of 14 (8 %) workers compensation patients and 94 (56%) patients were smokers. Fifty-eight patients were not working prior to surgery (34%) and they were either full time students, retired, or disabled at the time of surgery.
Surgical results are listed in Table 3 The mean improvement in ODI at each postoperative time ranged from 40-46% when compared to preoperative scores (p<0.001) (Figure 3 ). At 12 months, 24 months, and 49 months postoperative, 89, 88, and 86% of patients had an ODI change score of at least 20% following surgery. ODI improved significantly after surgery in all diagnostic groups (p<0.001) and was maintained at the last follow-up (Table 4 ). Subanalysis showed that those patients who had 5 year follow-up, 86% (56/65) maintained at least a 20% improvement in ODI following surgery as compared to preoperative scores. Further subanalysis for ODI showed better improvements in ODI for those patients undergoing 2-level as compared to 1-level lumbar fusion (Table 5 ).
Those patients 60 years and older had comparable changes compared to younger patients at all time points following surgery (Table 6 ). ODI improved for workers compensation patients (p<0.001), with a mean change of 34% at 2 years, being maintained at their last average followup of 50 months. There were no differences in outcomes between smokers and non-smokers, or between obese (BMI > 30 kg/m 2 ) and non-obese at any time point (p=ns), although all groups improved over time.
VAS pain scores improved post operatively at all time points (Figure 1, P<0 .001). The average improvement was 39% at the initial follow-up, which was maintained during the last follow-up (42%) (P<0.001). Every diagnostic subgroup improved in a similar pattern (Table 3 , P<0.001).
When reviewing VAS changes in those with multiple levels treated and single levels ( Table 5, p<0.05), older patients and younger patients (Table 6 , p=ns), and workers compensation patients, each group had a significant improvement following surgery (P<0.001). There were no group differences for VAS when comparing smokers and non-smokers or obese and non-obese (p=ns).
Narcotic use for spine pain relief was used by all patients prior to surgery. At 6 months postoperative, this number had decreased to 31% (p<0.05). When reviewing fusion success, 96% of patients reached fusion by 1 year as assessed by CT scan.
The overall rate for repeat surgery was 14.2%. The most common event was removal of painful pedicle screws (7.6%). In every case of painful screw removal, the patient either complained of hyper sensitive incisional wound pain within the initial six weeks, or sustained a subsequent trauma directly to their back manifesting very soon thereafter with complaints of hypersensitive incisional wound pain. There were 3 instances in which a fusion was required to an adjacent level because of painful symptoms (1.8%). There was 1 pseudoarthrosis (0.6%) and 1 staph infection (0.6%) requiring repeat surgery. One patient (0.6%) had a postoperative fall and fractured their pedicles at L4 requiring repeat surgeries. All patients requiring reoperation were treated successfully. When reviewing surgical revisions as a consequence of surgical technique, and omitting unanticipated adverse events, 99% of patients maintained a successful fusion at their last average follow-up (49 months).
Discussion
The TLIF procedure has been used early on by Harms et al. (1982 Harms et al. ( , 1998 The primary outcome metric, ODI improved significantly following surgery, and was maintained at each follow-up. Recent work suggests that a 18.8-point net improvement in ODI or a 36.8%
improvement is a substantial clinical benefit . When reviewing individual patient data, 65% of patients had a minimum change score of 36% at any given post surgical time point, suggesting a significant number of patients were helped by the intervention.
Significant improvements in ODI were seen within each diagnosis group. Those patients that had reached 5 year postoperative, had a mean change score of greater than 40% suggesting maintenance of disability improvement. Part of the reason for the large change could have been related to the level of disability prior to surgery, and a large range of available improvement.
When performing subanalysis, a similar improvement was maintained for elderly patients, those with 1 vs. 2 level fusions, workers compensation patients, and those who smoked. This suggests that patients typically seen in a community practice can be treated with success. When comparing these results to other literature, our results are comparable. Schwender et al. (2005) found a change of 32% for ODI following MAST TLIF, with an average follow-up of 22.6 months. They also used the Sextant TM and METRx TM system similar to this study. Jang et al. Although there are many advantages to MIS surgery, the procedure does have challenges. There is a learning curve that must be mastered before technical proficiency can be achieved. In addition, placement of percutaneous pedicle screws requires the surgeon to be able to accurately interpret AP and lateral fluoroscopic images to safely insert these devices (Schwender 2005 ).
There were a few limitations to this study. First, this was not a randomized controlled trial with a comparator group. postoperative CT analysis for fusion status. Although a study limitation, strict criteria was used to assess fusion assessment. Furthermore, assessment of fusion was a secondary outcome in the study, and the primary focus was on patient reported outcomes and durability over time.
In conclusion, MIS TLIF surgery for the treatment of degenerative pathologies was maintained long term, as assessed by ODI, VAS and reoperation rate. Patients, who were older, had multi level pathologies, who were workers compensation, or who had comorbidities responded well to surgical treatment. Fusion status was 96% by 1 year. Overall, MIS TLIF appears to be a safe and effective treatment. Future studies should evaluate the benefit of MIS TLIF versus Open TLIF. 
